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Time variation of fundamental constants
I Many dimensionless physical constants whose values cannot
be predicted mathematically
I α ≡ e2/(4πε0~c) ≈ 1/137.035 999 139(31) (CODATA 2014)
I µ ≡ me/mp ≈ 1/1836.152 673 89(17) (CODATA 2014)
I Possible that these values change in time and/or space
(Uzan, Rev. Mod. Phys. 75, 403–455 (2003))
I Changes in µ lead to shifts in vibrational transitions





I Measurements relative to atomic clock
I Hyperfine transition ∼ µ
I Electronic transition ∼ 1
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I Measurements relative to atomic clock
I Hyperfine transition ∼ µ
I Electronic transition ∼ 1
Two-photon vibrational transitions in OH
−+ v = 0, J = 3/2
−+ v = 2, J = 3/2
2 × 2.87 µm
−+ v = 1, J = 3/2
+− v = 1, J = 5/2
I Precision measurements of OH
X 2Π3/2, v
′ = 2← v ′′ = 0 at
2× 2.87 µm (3490 cm−1, 104 THz)
I Goal: measure transition frequency
at the level of the natural linewidth
Γ = 6 Hz (2× 10−10 cm−1)

















I Long timescales: GPS receiver
I Short timescales: I2-stabilized optical reference
Döringshoff et al., “High performance iodine frequency reference for tests of the LISA
laser system”, EFTF-2010




Frequency double to 532 nm
using a non-linear periodically
poled lithium niobate (PPLN)
crystal
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I Low-temperature cold finger (reduces pressure shift)
I Frequency-shifted pump (eliminates shifts from back reflections)
I Active stabilization of beam pointing
Stabilizing the comb with a 1064/532 nm laser
425
THz








275 350 500 575
I fbn,1064 = fCW ,1064 − nfr − f0
I fbn,532 = 2fCW ,1064 − 2nfr − f0
From these beatnotes, we can calculate
I fbn,532 − fbn,1064 = fCW ,1064 − nfr
I Direct comparison of fCW ,1064 and fr
I fbn,532 − 2fbn,1064 = f0
Connecting all the frequency references
1064 nm / 532 nm
Laser
Connecting all the frequency references
1064 nm / 532 nm
Laser
I  Transition2
Connecting all the frequency references
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563260 ≈ 1 GHz + 6.2 Hz
Connecting all the frequency references











563260 ≈ 1 GHz + 6.2 Hz
Rb
Oscillator
Connecting all the frequency references
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Spectroscopy of A− X transitions
I State-selective detection of OH using
A 2Σ+ ← X 2Π3/2 transitions
I v ′ = 0← v ′′ = 0 transitions @ 308 nm
I v ′ = 2← v ′′ = 2 transitions @ 320 nm
I Laser linewidth  1 MHz
Doppler linewidth ∼ 10 MHz
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I Production of OH / OD
through photolysis of
HNO3 / DNO3
I Beam collimated by































































Larger systematic shifts in OD due to smaller hyperfine splittings
Transition frequencies — OH
# p′′ F ′′ N ′ J ′ F ′ Frequency [MHz]
1 e 1 0 1/2 0 972543544.509(28)
2 e 2 0 1/2 1 972544263.408(23)
3 f 2 1 1/2 1 973552523.087(20)
4 f 1 1 1/2 0 973552777.983(25)
5 f 1 1 3/2 1 973562502.971(20)
6 f 2 1 3/2 2 973562933.797(27)
7 e 2 2 3/2 2 975583190.510(91)
8 e 1 2 3/2 1 975583518.551(31)
9 e 1 2 5/2 2 975600025.281(27)
10 e 2 2 5/2 3 975600407.630(73)
11 f 2 3 5/2 3 978623067.785(31)
12 f 1 3 5/2 2 978623423.607(22)
Transition frequencies — OD
# p′′ F ′′ N ′ J ′ F ′ Frequency [MHz]
1 e 1/2 0 1/2 1/2 975191151.238(45)
2 e 1/2 0 1/2 3/2 975191328.951(23)
3 f 1/2 1 1/2 3/2 975729510.744(17)
4 f 1/2 1 1/2 1/2 975729554.332(74)
5 f 1/2 1 3/2 1/2 975734851.195(42)
6 f 1/2 1 3/2 3/2 975734909.692(47)
7 f 1/2 1 3/2 5/2 975735004.075(21)
8 e 1/2 2 3/2 5/2 976811945.283(35)
9 e 1/2 2 3/2 3/2 976811996.638(37)
10 e 1/2 2 3/2 1/2 976812027.966(64)*
11 e 1/2 2 5/2 3/2 976820927.100(43)
12 e 1/2 2 5/2 5/2 976820984.312(36)
13 e 1/2 2 5/2 7/2 976821062.952(21)
14 f 1/2 3 5/2 7/2 978434704.049(25)
15 f 1/2 3 5/2 5/2 978434756.836(33)
16 f 1/2 3 5/2 3/2 978434794.761(38)





H × 103 3.691 0.562
L× 109 −4101 −392
M × 1012 −1101 −2.12
γ 6777.8146(84) 3614.160(29)
γD −1.43445(67) −0.4062(55)
γH × 106 2301 132
bF 772.124(20) 118.454(21)
c 161.927(52) 24.899(59)
cI × 103 −45.8(59) −3.73
eQq0 0.269(24)
I Data augmented with A-state spin-rot./hyperfine splittings
I X constants, higher-order centrifugal distortions fixed to
values from existing literature
Residuals of effective Hamiltonian fit — OH
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Residuals of effective Hamiltonian fit — OD
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I τ−3/2: white phase noise (27 ps RMS jitter)
I Limitation of frequency counter, GPS receiver
I τ−1/2: white frequency noise
I Can be improved by increasing SNR, quality of feedback loop
I τ0 or higher: flicker, random walk frequency noise
I Long term drifts of the reference
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